Abstr a ct Aim: T his paper presents the auditory and acoustic investigations of pharyngeal consonants in Iraqi Arabic (IA). While the contested place and manner of articulation of these sounds have been the subject of investigation in many studies, the focus here is novel: we set out to investigate the extent to which pharyngeals in IA are accompanied by auditory nasalisation and how widespread the effect is across oral and nasal contexts. Methods: Auditory and acoustic properties of nasalization, as produced by nine male speakers of IA, were investigated in target words with oral, nasal, and pharyngeal environments. Results: When combined with oral consonants, pharyngeals exhibit little or no nasalisation; however, when pharyngeals are combined with nasals, they exhibit various degrees of nasalisation, sometimes beyond what is found for a nasal environment alone. This is especially so for voiced pharyngeals, which display more nasalisation than their voiceless counterparts. A principle component analysis combining all the acoustic correlates examined demonstrates a definite contribution of pharyngeals to the presence of nasalisation. Conclusion: The epilaryngeal constriction and variability in the articulation of pharyngeals are thought to be responsible for the nasalisation effect and may act as potential drivers for sound change in IA pharyngeals.
Pharyngeal Consonants in Iraqi Arabic
Early investigations of pharyngeals in Iraqi Arabic (IA) were mostly based on impressionistic accounts and noted a difference in place and manner between /ħ/ and /ʕ/. /ħ/ was described as a voiceless fricative with a pharyngeal constriction, which became voiced in intervocalic position (Al-Ani, 1970; McCarthy and Raffouli, 1964) . The most common allophone for /ʕ/ was reported to be a glottal stop, especially in initial and final positions, while it was realised as a glide inter-vocalically (Al-Ani, 1970) . As articulatory investigations have become more widespread, the role of the epiglottis and the larynx in the production of pharyngeals has come to light, but disagreement still exists regarding the exact mechanism(s) involved in the production of this complex set of sounds. Using X-ray images, MacCurtain (1981) observed the tip of the epiglottis blocking the pharyngeal passage and having no direct contact with the tongue root, providing evidence that the epiglottis is used as an articulator in producing the /ʕ/ in IA. MacCurtain (1981) also reported shortening of the vestibular folds and raising of the larynx. Butcher and Ahmad's (1987) acoustic and aerodynamic study further confirmed the role of the epiglottis and laryngeal tension. The authors noted that the pharyngeal area is unsuitable for producing a fricative, suggesting that /ħ/ is either an approximant with a general constriction of the pharynx, a raised larynx, and a lowered velum (an issue we will go back to later) or a stop with a constriction formed at the epiglottis or the glottis. As for /ʕ/, any additional constriction of the pharynx was thought to be accompanied by one at the larynx, leading the air to be completely caused by the open glottis leads to an upward shift in all formants of neighbouring vowels while lowering their amplitude and increasing their bandwidth, especially for F1 (Ohala and Ohala, 1993; Ohala, 1975) ; this, together with the presence of pole-zeros in the higher frequencies of spectrum due to the greater glottal opening, yields a perceptual effect of nasality which can further be adopted by speakers who might deliberately adopt a physiologically nasal articulation in the production of these neighbouring vowels (Matisoff, 1975; Ohala, 1975; Sampson, 1999) . In fact, laryngeals have often been reported as being the target of nasalisation processes (Botma, 2004; Cohn, 1993; Ohala and Ohala, 1993) . These processes involve a combination of a lowered velum and a constriction behind the uvula, leading them to be labelled as "nasalised laryngeals" (Botma 2004: 279) . Botma notes that audible nasalisation is more prominent in glottal fricatives and continuants, while complete glottal stops may mask nasalisation or delay it until the release. Another potential source of nasal perception in pharyngeals is the action of the aryepiglottic folds, which can move up and forward to meet the epiglottis and produce an incomplete constriction, creating laryngeal friction (Esling, 1999; Heselwood; .
Aim of the Current Study
The various mechanisms taking place in the articulation of Arabic pharyngeal consonants lead to potential velum lowering and/or auditory nasalisation; the latter seems to stem from constrictions that do not just involve the root of the tongue and the upper pharyngeal area, but also epilaryngeal constrictions in the lower pharyngeal area involving the aryepiglottic folds and the tip of the arytenoids (Butcher and Ahmad, 1987; Edmondson et al., 2007; Esling, 2005; Heselwood and Al-Tamimi, F., 2011; MacCurtain, 1981) . The number and degree of these constrictions may either lead to the creation of sub-cavities between the constrictions or to the generation of high laryngeal airflow, both of which can produce acoustic consequences which yield an auditory impression of nasalisation. Since any or all of the articulatory events listed above can (co-)occur in pharyngeal articulation, the combined effect of all these constrictions is still poorly understood. The articulatory complexity, combined with the limitation and difficulty in obtaining articulatory data, motivated an acoustic study as a starting point.
In this study we look at the acoustic effects of pharyngeals on surrounding vowels, especially with regards to the frequencies and amplitudes of the harmonics around F1, where the effect of a laryngeal airflow and a pharyngeal constriction seem to be compatible. The focus of the study is not on the presence or absence of nasal coupling but rather on the auditory and acoustic manifestations of pharyngeal articulations in Iraqi pharyngeals. The aim is to investigate the degree to which auditory nasalisation accompanies the production of pharyngeals in IA and its potential spread to non-pharyngeals environments. There are two general motivations for this study. First, given that IA pharyngeal consonants have been consistently found to have lower pharyngeal and laryngeal constriction (section 2), and given the likely acoustic effects of these constrictions, we hypothesised that they will be prone to nasalisation. Second, we are aware of anecdotal references to IA as having a nasalised voice quality, which further motivates an investigation of whether nasalisation has indeed spread beyond pharyngeal environments. This is the first quantitative examination of nasalisation both as a potential feature of pharyngeals in IA and as a voice quality setting colouring the speech of a speech community. Given that breathy phonation is sometimes masked as nasalisation (Chen, 2000) , we first examined nasalisation and breathiness ratings in our auditory analysis and then included acoustic measures of breathiness alongside nasalisation in an attempt to disentangle the two, especially in the production of pharyngeals.
Before moving on to the methodology, we briefly review acoustic studies of nasalisation to inform our acoustic analysis.
The Acoustic Investigation of Nasalisation
A number of studies have looked at the acoustic manifestations of nasal and nasalised sounds, which are mainly due to the effect of oral-nasal coupling (e.g., Amino and Osanai, 2012 on Japanese; Beddor, 1983 Beddor, , 2007 on various languages ; Chen, 1995 and Chen et al., 2007 on American English; Chen, 1997 on American English and French; Chen, 2000 on Chinese; Glass and Zue, 1985 on American English; Hawkins and Stevens, 1985 on American English; Ohala, 1975 on various languages; Trittin and de Santos y Lléo, 1995 on Spanish). The effect of the nasal cavity leads to the presence of extra poles in the spectrum, in addition to the oral formants (as well as to zeros due to cancelling out of certain resonances) (e.g., Beddor, 1983; Chen et al., 2007; Ohala, 1975) . A host of acoustic measurements comparing vowels in oral and nasal environments have been investigated for capturing the effect of nasalisation, for example, decrease in vowel intensity, upward/downward shifts in F1 and F2 frequencies (depending on original vowel quality but also depending on which study is consulted), increase in F1 bandwidth (B1), decrease in F1 amplitude (A1), and presence of extra poles (P0 and P1) in the spectrum and the resulting differences in amplitude between these peaks and those of F1. What makes these measures difficult to adopt as reliable measures of nasalisation is that: (a) none of them is present at all times, (b) extra poles (and zeros) are present in oral vowels too (e.g., due to passive velar lowering, especially in low vowels, or speaker style/physiology, see Berger, 2007 and Klatt and Klatt, 1990) , and (c) some measures have yielded conflicting results partly due to vowel-, language-and speaker-specific differences (Sampson, 1999) . Here we focus on a handful of indices that were relatively effective in measuring nasalisation in this study and enabled the comparison of nasal, oral, and pharyngeal environments.
Nasalised vowels exhibit two types of spectral peaks in addition to vowel formants: a spectral peak (P1) normally develops around 1 kHz (with a range between 790 and 1,100 Hz and an average of 950 Hz; e.g., Chen 1995; Chen et al., 2007; Fry, 1979; Hawkins and Stevens, 1985; House, 1957; House and Stevens, 1956) ; another nasal peak (P0) can also be found between 250 and 450 Hz (e.g., Chen, 1997; Chen et al., 2000; Fujimura and Lindqvist, 1971; Maeda, 1982; Fig. 1) . The location of poles depends on vowel quality, and there are conflicting results regarding whether they occur below or above F1 frequency in various vowels contexts (e.g., Fujimura and Lindqvist, 1971 vs. Maeda, 1982) . Poles and zeros also occur in non-nasalised (oral) vowels, but poles in nasalised vowels are more noticeable because the increase in amplitude of P1 compared to A1 is especially significant and/or there is a deepened valley between the poles and F1 (Glass and Zue, 1985: 1571 5,000 4,500 4,000 3,500 3,000 2,500 2,000 1,500 1,000 500 0 ] as produced by a male Iraqi speaker, first in isolation (a) and then in the word maat [ma:t] "he died" (b), showing a decrease in amplitude and frequency of A1 (on the 3rd harmonic) relative to the same vowel in isolation. The peak on the 5th harmonic was considered as P1.
The addition of poles at certain frequencies, coupled with the absorption of energy at others, results in a widened F1 bandwidth (B1) and a decrease in F1 amplitude (A1) due to the larger area of damping created by the nasal cavity (Fig. 2) . The effect sometimes exhibits decreases in the overall vowel intensity and an increased bandwidth (e.g., Beddor, 1983; Chen, 1995; Fujimura and Lindqvist, 1971; Hawkins and Stevens, 1985) . Using the formula A1-P1 (where A1 is the amplitude of F1 and P1 the amplitude of the extra peak), Chen's study of nasalisation in American English vowels suggests that a small difference (less than 10 dB) is considered indicative of the vowel being nasal. In a later study, Chen (1997) notes the role of the two extra poles (P0 and P1) in signalling nasalisation across languages (Fig. 1) . A comparison between American English and French showed that in both languages the difference in amplitude between A1 and the extra peaks (A1-P1 or A1-P0) distinguished between oral and nasalised vowels, with the ranges being language-specific (the mean of A1-P1 ranged from 10 to 15 dB for English and from 9 to 12 dB for French; and the mean of A1-P0 ranged from 6 to 8 dB for English and from 3 to 9 dB for French). These differences were considered to be due to the wider velopharyngeal opening in French compared with English, potentially due to the contrast role of nasalisation in French and the contextual role in English.
The A1-P1 measure is normally more suited for high vowels given the distance between F1 and F2 frequencies, and A1-P0 for low vowels given the distance below F1 (e.g., Chen, 1995 Chen, , 1997 Chen, , 2000 Chen et al., 2000; Chen et al., 2007) . However, vowel breathiness can also affect the values of both A1-P0 and B1 due to an increase in the amplitude of the first harmonic (H1) of the fundamental frequency (e.g., Fry, 1979; Keating and Esposito, 2007; Laver, 1980; Klatt and Klatt, 1990) . It is, therefore, important to look at parameters of breathiness to disentangle these from nasalisation. The difference between amplitude of the first (H1) and second (H2) harmonic (H1-H2) has been found to be useful in characterising differences in phonation types or glottal constrictions (Figure 3) , with a higher H1 than H2 typically signalling breathiness, while a lower or equal one can be indicative of creak (e.g., Chen, 2007; Keating and Esposito, 2007; Kuang and Keating, 2012; Ladefoged, 2003) . Similarly, a comparison of the amplitude of the first harmonic (H1) with that of the first formant (A1) has proven to be a successful measure of phonation types in many languages (e.g., Fry, 1979; Laver, 1980 Laver, , 1994 Klatt and Klatt, 1990; Trittin and de Santos y Lléo, 1995) . This measure is directly related to the first formant bandwidth (B1), which in turn is related to the posterior glottal opening, that is, if a speaker has a posterior glottal opening, then the first formant bandwidth will be increased. Glottal opening causes modifications to the spectrum such as the increase of B1, which is caused by added energy loss at the glottis (Hanson and Chuang, 1999: 1064) . Speakers with high H1-A1 values, showing weaker F1 peaks and more aspiration noise, are therefore assumed to have relatively large glottal openings extending beyond the vocal processes, suggesting breathiness (Hanson, 1996; Hanson and Chuang, 1999) .
Method

Speakers
Nine Iraqi male participants were recruited from a population of postgraduate students who had been living in the UK for no more than two years to minimise the influence of English on their 319 Phonetica 2018; 75:310-348 DOI: 10.1159/000487806 Nasalisation in the Production of IA Pharyngeals L1 speech patterns. All participants spoke IA as their native language and had been raised in one of three main dialect areas: the Northern (Upper Iraq) qeltu dialect of Mosul, the Central gelet dialect of Baghdad, and the Southern gelet dialect of Basra (see Blanc, 1964 for dialect groups in Iraq). For the purpose of this study, the dialectal origin of the speakers is included for information, but dialect is not included as a variable (see Alsiraih, 2013 for more detailed results on dialectal differences within IA). The speakers were aged between 30 and 50 years and had been living in their home-towns all their lives except for the time they studied in the UK. The speakers had no known voice disorders or vocalnasal apparatus problems.
Stimuli and Procedure
The participants read a randomised list of 122 monosyllabic real words with a CVC structure embedded in the carrier sentence "quulu … sit marrat" (Say …. six times); the vowel in each case was one of the five long vowels /i:, e:, a:, u:, ɔ:/ or one of the four short vowels /ɪ, e, ʌ, ʊ/, and the surrounding consonants were chosen from one of 3 consonant types: a nasal stop /m, n/, a pharyngeal consonant /ʕ, ħ/, or any other consonant (Table 1 ). The utterances with the long vowels were repeated, with the second production consisting of the isolated long vowels embedded in the carrier sentence (to facilitate their production).
The vowels were examined in 5 main environments: first, words with a nasal context were needed to investigate the effect of true/target nasals on surrounding vowels. These were considered as control environments. Initial and final nasal consonants were included to measure whether the nasalisation effect was progressive or regressive, leading to a nasal-nasal, nasal-oral or oral-nasal context. Second, words with a pharyngeal consonant in either position were included to investigate whether these consonants in IA have accompanying nasalisation as is suggested in the literature, and if so, whether the nasalisation effect is similar to that of nasal contexts both in terms of degree and direction of influence. These included pharyngeal-oral and oral-pharyngeal contexts only (there are The relation between H1 and H2 was found to correlate with the type of phonation: creaky when H1 is almost equal to H2, modal when H1 is about 2 dB higher than H2 and breathy when H1 is about 4 dB higher than H2 (Figure from Ladefoged, 2003: 180) .
Khattab/Al-Tamimi/Alsiraih hardly any CVC words with both initial and final pharyngeal consonants). Third, words with both a nasal and a pharyngeal consonant (i.e., nasal-pharyngeal and pharyngeal-nasal) were included to investigate whether nasalisation increases in such an environment compared with a nasal-nasal, a nasal-oral or oral-nasal environment. The fourth context consisted of two oral consonants (oral-oral) to investigate whether nasalisation and/or other voice quality features (e.g., breathy phonation) are still present in such cases where no nasal consonant is present. For similar reasons, the last context included long vowels in isolation, though still produced within the carrier sentence frame. These last two environments, oral-oral and isolation, were considered as control environments, just like the nasal ones. When taking into consideration each of the pharyngeal and each of the word positions, the five main environments encompass the 12 individual contexts detailed in Table 1 . The original aim was to elicit a target word for each of the consonant and vowel contexts listed above (9 vowels in 12 consonant environments each), but the criterion to use real words made it hard to either find words for all these contexts or to keep them after piloting, as some were rejected by participants. For this reason and to keep the focus on the consonantal environments, we grouped the vowel contexts into two main groups, high (including high-mid) versus low (including low-mid), as these proved useful for the acoustic measures detailed below. The data were recorded in mono, 16-bit, 44.1 kHz using an Edirol R09 solid-state recorder with a Sony Electret Condenser microphone placed in front of seated speakers at a 45 degree angle. A total of 1,854 tokens were auditorily and acoustically analysed.
Auditory Analysis
Auditory analysis was carried out in 2 phases: the first to determine if nasalisation occurs in nonnasal contexts, that is, where no nasal is present, and if so, how it compares to nasal and pharyngeal contexts (including pharyngeals combined with nasal contexts); the second to determine what phonation types accompany the production of vowels in oral, nasal, and pharyngeals environments. The first task resulted in a scaled judgment from 1 to 5 whereby 1 represented oral and 5 represented nasal. For the purpose of this study, the second phonation task was restricted to the following categorical judgment: breathy, modal, tense (the latter category included creaky, pharyngealised, and laryngealised sub-categories). To minimise contextual influences (e.g., Beddor and Krakow, 1999; Kawasaki, 1986) , the vowels were excised from their consonantal context; the extracted sound file was then windowed by a parabolic function to smooth the edges of the vowel, and the intensity was normalised to 65 dB so that the auditory judgments are not affected by the inherent intensity differences between the sounds. Each stimulus was sampled at 44 kHz, 16-bit quantisation, mono-channel. Tasks were run using Praat's experiment MFC as a rating test (Boersma and Weenink, 2017) ; each sound file was Nasal-vowel-nasal n-n /naam/ "he slept" /mi:m/ "the letter m in Arabic" Nasal-vowel-oral n-o /ma:s/ "diamond" /mall/ "he got bored" Oral-vowel-nasal o-n /xa:m/ "raw material" /di:n/ "religion" Nasal-vowel-pharyngeal n-ħ /nu:ħ/ "Noah" /na:ħ/ "he wept" Nasal-vowel-pharyngeal n-ʕ /nɔ:ʕ/ "type" /maʕ/ "with" Pharyngeal-vowel-nasal ħ-n /ħakk/ "he scratched" /ħɔ:m/ "a group of prey birds" Pharyngeal-vowel-nasal ʕ-n /ʕɔ:n/ "a helpful hand" /ʕamm/ "uncle" Pharyngeal-vowel-oral ħ-o /ħa:l/ "situation" /ħar/ "hot" Pharyngeal-vowel-oral ʕ-o /ʕadd/ "he coutned" /ʕi:d/ "bring back" Oral-vowel-pharyngeal o-ħ /la:ħ/ "was able to reach" /zi:ħ/ "line"
Nasalisation in the Production of IA Pharyngeals preceded and followed by half a second period of silence and could be played several times until an auditory category was chosen. The instructions for both tasks asked the participant to judge the nasality/voice quality of the stimuli on the presented scales. The first author carried out the auditory analyses on the whole dataset and five additional raters (including the second author) carried out inter-rater reliability on 22% of the data. The 22% of the data comprised stimuli that were taken from all nine speakers and from all contexts. Given that there were restrictions in the combination of vowel and context, not all vowels were represented in all contexts. Thus, we aimed for words that had the three point vowels /i: a: u:/ where possible. In the end, each context was represented by 1 to 3 words, and 12 in the case of the isolation context, so that the subset is representative of the proportion of tokens per context in the main dataset. This allowed for a comparative judgment of the participants' productions from the five raters. The first additional rater (the second author) was a native speaker of Jordanian Arabic, while the remaining four were all native speakers of English (two British, one Irish, and one Canadian) and were all phonetically trained with experience in phonation types. Prior to the beginning of the analysis, the first author attended a 3-day workshop on the perceptual judgement of voice quality by Janet Beck, an expert on Vocal Profile Analysis (Beck, 2005) .
Acoustic Patterns Applied in this Study
A host of measures were originally applied on the present data (Alsiraih, 2013) but not all proved useful for this study due to a clash between what these measures can achieve in terms of distinguishing between nasalised and non-nasalised contexts on the one hand and pharyngealised and non-pharyngealised on the other. In the present study, we concentrate on A1-P0* 1 for low and low-mid vowels, A1-P1* for high and mid-high vowels (following Amino and Osanai, 2012 , Chen, 1995 Chen et al., 2000; Chen et al., 2007) , and B1 for measures of nasalisation, and H1*-A1 for examining phonation types. Since B1 can also index breathiness, the addition of the H1*-A1 measure was made to allow a comparison of the patterns from both. If B1 and H1*-A1 patterns for pharyngeal consonants converge, then they would be taken as indexing breathiness rather than (or as well as) nasalisation in these consonants (Garellek, 2012; Kuang and Keating, 2012) ; however, if pharyngeals show different patterns in B1 and H1*-A1 then we might be able to disentangle the effects of breathiness and nasalisation.
The recordings were down-sampled to 10 kHz, low-pass filtered (to 5 kHz), and pre-emphasised with a factor of 0.98. Pre-emphasis was used to control for spectral tilt (Berger, 2007: 29) . The target tokens were then manually segmented and a Praat script was used for the measurements detailed in this section, which were subsequently checked for errors. The script was developed by the second author (Al-Tamimi, J. and Khattab, 2011, 2015) . Accordingly, at each portion (onset, midpoint, and offset), a 40 ms Kaiser 2 (Gaussian-like) window was generated, from which a DFT Spectrum was computed, following a Logarithmic power spectral density, with a bin width of 11 Hz (using the LTAS function in Praat). The following acoustic events were first located at the onset, midpoint, and offset of the vowel (to investigate the degree and direction of influence of neighbouring consonants): A1, P0, P1, B1 and H1. The automatic detection of P0 and P1 was not always successful, so we adopted a manual approach; we labelled P0 as the highest peak located within the 200-500 Hz frequency range, and P1 as the highest peak located between F1 and F2 in the 700-1300 Hz frequency range, as suggested in previous research (Chen, 1997 (Chen, : 2363 . B1 was detected using Praat's standard detection algorithm, and visual inspection through LPC was carried out. H1 was detected as being the highest peak in a range of frequencies defined as f 0 -(f 0 /10) for the lowest frequency and f 0 + (f 0 /10) for the highest. The same applied to A1, using the F1-B1/2 and F1+B1/2 ranges (Al-Tamimi, J., 2017; Al-Tamimi, J. and Khattab, 2011, 2015) .
The acoustic measures were then embedded in the form of relations, whereby the following behaviours were expected within a nasalised context: (i) a decrease in the differences between the amplitude of the first formant and that of the extra nasal peaks (A1-P0 and A1-P1), and (ii) an increase in the bandwidth of the first formant (B1); in terms of phonation types, a lower value of H1-A1 was considered to denote a tense voice and a higher one a breathy voice (e.g., Chen, 2007; Keating and Esposito, 2007). 322 Phonetica 2018; 75:310-348 DOI: 10.1159/000487806 Khattab/Al-Tamimi/Alsiraih
Normalisation of Nasalisation and Phonatory Measures
Due to the boosting effects of F1 and F2 amplitude on H1, P0, and P1, two normalisation techniques were employed. The first technique was based on the method described by Iseli et al. (2007 Iseli et al. ( : 2285 , as implemented in the Praat script (following Al-Tamimi, 2017; Al-Tamimi and Khattab, 2011, 2015) . This method uses formant frequencies, bandwidths, and sampling frequency to remove the boosting effects of surrounding formants. This enables the normalised amplitude of H1 to be comparable to that of H1 obtained through inverse-filtering. The corrected value of each of F1 and F2 is then subtracted from that of H1. The second method used the approximation techniques described by Chen (1995 Chen ( : 2452 to estimate the correction weights T1 and T2. Then the amplitudes of P0 and P1 were corrected for by subtracting each from the combined approximated amplitudes of both T1 and T2, respectively. Although these normalisation techniques in principle make it possible to compare low and high vowels across speakers and contexts, we followed the reviewers' recommendations and restricted the A1-P0* to the low and low-mid vowel contexts and A1-P1* to the high and mid-high ones. From this point onward, every time P0, P1, and H1 are mentioned, they will be followed by an asterisk, P0*, P1*, and H1*, denoting being corrected from the effect of F1 and F2.
Statistical Analysis
Statistical analyses were run on auditory ratings and acoustic analyses using R (Microsoft R Open, version 3.4.0, R Core Team 2017). We started with statistical analyses on the auditory ratings. Inter-rater reliability (IRR) was computed on the ratings of the 6 raters (i.e., the 5 raters and the corresponding words obtained from the first author). Following the recommendations of Hallgren (2012), we used the Intra-Class Correlation (ICC) coefficient (Bartko, 1966) . The ICCs are well suited to our data given that we have a fully crossed design where all raters judged the subset obtained from all participants. A two-way random agreement ICC was computed with the package irr (version 0.84, Gamer et al., 2012) . Choosing both speakers and raters as random factors allows for generalisation of the results. The data from the 6 raters and each of the 45 words were used and ICC were obtained as averaged IRR for agreement on all data and per word level. The former allowed us to obtain an overall IRR score for the raters' performance while the latter allowed us to evaluate the word-level variation with respect to the raters' judgments. IRR scores were then used to assess the degree to which the raters agreed in their decisions. Average ICC and confidence intervals are generated and will be used in the next section to evaluate the degree of IRR.
Following the IRR, we statistically analysed the data from each of the nasalisation and the voice quality ratings using Cumulative Logit Mixed Models, following Agresti (2002) . Rating scales are inherently ordered, and this type of analysis allows for this ordered scale to be considered. This type of regression is a logistic regression with a specific link function, cumulative, and the resultant β coefficients are proportional log odds (Agresti, 2002) . We ran two types of Cumulative Logit Models: one with the interraters data (subset) and a second with the full data set from the first author (fullset) (R script available at https://jalalal-tamimi.github.io/R-Rating-data/Rating-VQ-Nas-Phonetica.nb.html). The aim was to evaluate whether the results between the 2 are comparable in the ratings of nasalisation and tense voice quality as judged by the 6 raters (on 22% of the data) and by the first author (on the full data set). To fit these Cumulative Logit Mixed Models, we used the function clmm from the ordinal package (version 6.28; Christensen, 2015) . The ratings (1 to 5 for nasalisation or 1 to 3 for voice quality), were the response part (as a factor), and the fixed effects were context (14 levels) and vowel (9 levels).
For both Full set and Subset models, we used various model specifications, for example, random versus non-random effects; fixed effect interaction and simple effects, random slopes and random intercepts only. These models were compared against each other using log Likelihood. The optimal model in both cases was the one with the context as a fixed effect and the following random structure for the full set: participant and item, and for the subset: participant, item, and raters in addition to byrater slopes for context. Vowels did not improve the model fit (p > 0.05).
For the acoustic measures, namely A1-P0* (onset and offset) and A1-P1* (onset and offset), B1 Mid, and H1*-A1 (onset and offset), Linear Mixed Effects models were run with crossed random effect for subjects and items as implemented in the package lme4 (version 1.1-12, Bates et al, 2015) . For each acoustic correlate, an optimal model was obtained through model comparisons with Log Likelihood, and this was the one with context as a fixed factor and crossed random effects for participants and items. Vowels, either as simple effects or interactions, did not improve the model fit (p > 0.05). The intercept was the Isolation context, taken as the reference category. For each model, we checked the normality of the random effects structures, and there were some minor deviations from normality in all cases, which is to be expected due to the variance level observed with respect to words and subjects.
Finally, we ran an exploratory factor analysis as a dimensionality reduction technique to explore the relationships between the variables. Our aim was to evaluate the closeness of particular levels of the fixed factor (context) to shed light into whether pharyngeals (voiced or voiceless) are close to the nasal or to the oral contexts. Following this, we performed a principal component analysis (PCA) using the function PCA from the package FactoMineR (version 1.36, Le et al., 2008) and specified scale.unit = TRUE to allow for z-scoring of all predictors using the correlation matrices. This z-scoring allows for "weak" predictors to be treated equally as "strong" predictors. The predictors were specified using the option quali.sup to allow the individual results to be assigned to a specific acoustic correlate. With 14 levels of the context used as outcomes, we obtained 14 dimensions. Generally, the dimensions with individual variances above 5% are considered as the most important in explaining the data (Baayen, 2008, p. 121) . The results reported in section 7.3 showed that the first 3 principal components accounted for 79.2% of the cumulative variance. We will report on the percentage variance explained by the first dimensions, and will use a 3-dimensional space with the first 3 dimensions, generated using the package scatterplot3d (version 0.3-40, Ligges and Mächler, 2003) .
Results
Auditory Impression of Nasalisation and Voice Quality
7.1.1. Inter-Rater Reliability IRR was obtained as an ICC coefficient that assesses how the various speakers are judged as more or less nasal (or with tense vs. breathy voice quality) across all raters. Following Hallgren (2012) and Cicchetti (1994) , IRR is considered poor when ICC is less than 0.4; fair between 0.4 and 0.59; good between 0.6 and 0.74, and excellent between 0.75 and 1; ICC of 0 = random agreement; negative ICC equals systematic disagreement between raters. The averaged ICC agreement with crossed speaker and rater as random for the nasalisation judgment were at 0.74 (95% CI 0.52-0.92, p < 0.00001), and 0.91 (CI: 0.80-0.97, p < 0.00001) for voice quality judgements. This high IRR is therefore considered good to excellent for nasalisation and excellent for voice quality. It should be noted that the ICC values are obtained for the overall subset data without any specificities for the words, that is, this is the average of ICC agreement between all raters. Thus, we conducted a by-item IRR with the ICC being computed for each word in the subset. We used the same subset of data, but specified ICC agreement computation between the six raters for each word. Figure 4 shows the ICC scores for agreement for each word sorted from the lowest to the highest ICC value, with the CIs displayed, for both nasalisation (top) and voice quality (bottom). Starting with nasalisation, all but two items received ICC values above 0, indicating various degrees of agreement across raters. Of these, more than half had their CIs on the positive side (see dotted vertical line), indicating reliable inter-rater agreement. The two non-significant items with negative ICCs were from the isolation context. The overwhelming majority of items with relatively high ICC contained a nasal context (either at onset, offset or both), a pharyngeal (voiced or voiceless) or both. This indicates that raters had a relatively high level of agreement on these specific items. For those items with non-significant ICC (due to the CIS crossing the zero line), the majority contained oral-oral contexts and isolated vowels, with a few containing the pharyngeals (voiced or voiceless) in an oral context. The only item that is considered non-significant with a pharyngeal and a nasal context (item ʕeːn) had a relatively high ICC of 0.47 (95% CI -0.11 to 0.85, p = 0.05). This result is interesting and suggests that nasal and pharyngeal (voiced and voiceless) + nasal 2 contexts generated higher levels of agreement on their judgements than oral and pharyngeal + oral contexts, where raters provided variable levels of agreements ranging from poor to fair IRR (with ICC between -0.12 and 0.48).
Moving on to the voice quality ICC per item, the results in Figure 4 (bottom) show that overall, all but 7 items received ICC values above 0, indicating various degrees of agreement across raters. ICCs ranged between -0.69 (good level of disagreement) and 0.82 (excellent level of agreement). Once again, the non-significant ICCs (with CIs crossing the zero line and to the left of the dotted vertical line) are mainly from the isolation context (10 items out of 12), with four out of the 6 items with negative ICCs being from the isolation context. Compared with the nasalisation ratings, however, only 12 items had their CIs on the positive side (see dotted vertical line), indicating reliable inter-rater agreement. It should be noted that the high level of variation Nasalisation in the Production of IA Pharyngeals observed in these item judgments is consistent with the informal discussions we had with the four additional raters after the experiment had finished, who highlighted their difficulties in performing the voice quality rating experiment. Interestingly though, out of the 12 items receiving significantly positive ICCs (right of the dotted vertical line), nine contained a pharyngeal (voiced or voiceless) with an oral or nasal context. This suggests that raters had relatively high levels of agreements in their judgments of the voice quality associated with these items.
Cumulative Logit Mixed Effects Modelling
The results summarised above show that overall, our 6 raters provided an overall high level of agreement when looking at their averaged ICC coefficients. The individual item analysis showed that there were specific items, mostly in the isolation context that had a poor to moderate level of disagreement. However, these IRR scores do not allow us to show how the raters were performing on the specific contexts we are interested in, nor do they show how the full dataset is judged. Thus, we performed a Cumulative Logit Mixed Effects Modelling (CLMM) on the data from the 6 raters (on the subset of the data) and on the full dataset as judged by the first author. The aim here is to evaluate whether the judgements on the subset and the full dataset match in the magnitude and order, while taking into account the various types of variations observed in data. This was done by considering speakers, items, and raters (in the case of the subset) as random factors. This allows the CLMM to take into account this variation in reporting the results. The results of the CLMM from the subset and the full data set are summarised in Tables 2 and 3 (for nasalisation and voice quality, respectively) and the predicted curves representing the overall change in judgments from 1 to 5 for nasalisation (or 1-3 for voice quality) for each specific context are presented in Figures 5 and 6 (for nasalisation and voice quality, respectively). The results are shown for both the subset of the data (obtained from the six raters) and for the full dataset (from the first author).
CLMMs are proportional log odds model that evaluate the relationship between the fixed factor(s) and the overall increase in rating scales. The results summarised in Tables 2 and 3 below show the β coefficients (with the standard error, Wald's z, and p values) for the 13 levels of the fixed factor (with isolation being the reference value) and the β coefficients (SE, Wald's z) for the combined effect of the thresholds of ratings. We choose isolation as the reference level as we take this context to represent the control level, with no coarticulatory effects from surrounding environments. The interpretation of this proportional log odds model is that a unit increase in the linear predictor (context) is equal to a proportional change in the odds of the event (rating). To visualise the effects of each of the 14 levels of the fixed effect (including isolation), we used the predicted probabilities of each of the rating scales (5 in nasalisation and 3 in voice quality) that are based on the actual β coefficients ordered from the lowest to the highest 3 . Starting with nasalisation ratings, and through model comparisons, the results suggest that for the subset, a model with context as a fixed effect (with items, speakers, and raters as random factors and by-raters, random slopes for context) yielded an Table 2 shows the β coefficients for the fixed factor and the threshold values of the CLMM, which are graphically presented as predicted curves for the five rating scales (Fig. 5) , for both the subset and the full dataset. In both cases, the threshold coefficients show negative coefficients for ratings 1-2, rising steadily to the maximum in 4-5, suggesting that the nasal ratings increase. The coefficients of each of the contexts, sorted from lowest to highest (in both Table 2; Figure 5 ) show that all positive estimates are significantly and strongly associated with nasalisation ratings in both subset and full dataset.
An interesting pattern emerges in both the subset and full dataset, as shown in Figure 5 . In both datasets, there is a clear separation between the 2 groups: in the first group, isolation, o-o and pharyngeals combined with orals attract mainly oral ratings (ratings of 1 and 2). In the second group, nasals and pharyngeals combined with nasals receive nasal ratings. In the full dataset only, when a nasal is associated with the voiced pharyngeal, that is, n-ʕ, the rating of nasals (i.e., ratings of 4 and 5) is higher than that of the nasal associated with the oral context, that is, n-o. This suggests that the addition of a pharyngeal to a nasal consonant may increase the percept of nasalisation, a pattern that is mirrored in some of the acoustic results as will be reported in section 7.2. Interestingly, all the contexts in both groups attracted ratings of 4 or 5 on the nasalisation scale (with varying proportions), suggesting that the presence of nasalisation is more gradual than categorical across contexts in IA and can be found even in oral environments, but to levels with lower than 20% ratings (for ratings of 3, 4 or 5). Moreover, in both subset and full dataset, voiced pharyngeals in nasal contexts yield higher nasal ratings than voiceless pharyngeals. But there are differences in some of the ratings between the two datasets: in the subset dataset, within nasal contexts (n-o and o-n), the presence of an initial nasal yields higher nasalisation ratings than a final nasal, but the pattern is reversed in the full dataset. Moreover, within oral contexts, an initial voiceless pharyngeal yields a relatively higher percept of nasalisation than the remaining oral contexts in the subset, but the lowest nasalisation ratings in the full dataset.
Overall, and for the purpose of this study, there were general agreements in both full and subset results on the nasalisation judgments of the oral contexts (including isolation, and pharyngeals in an oral context) and the nasal contexts (including pharyngeals in nasal contexts) as these formed clear separate groups along the nasalisation continuum in both data sets (Fig. 5) . 
Oral 2 3 4 Nasal Fig. 5 . Cumulative predicted curves of nasalisation ratings. The y-axis shows probability from 0 to 1; the x-axis shows the contexts, sorted from lowest to highest contributor to nasalisation judgements. For instance, the blue line represents the nasal ratings rising steadily from approximately 0% in the o-ħ category and reaching a maximum of 65% in the ʕ-n context.
Moving on to voice quality ratings, model comparisons showed that on the subset data, context yielded an improvement to the model fit (χ 2 (13) = 20.8, p = 0.07); the same was obtained for the full dataset (χ 2 (13) = 278.8, p < 0.0001). Table 3 shows the β coefficient and the threshold values of the CLMM, which are graphically presented as predicted curves for the three judgement categories (Fig. 6) . In both the subset and the full dataset cases, the threshold coefficients show negative coefficients for categories breathy to modal (1-2), rising to a maximum in modal to tense (2-3). The coefficients of each of the contexts, sorted from lowest to highest, show that all contexts contribute to the tense rating in both subset and full dataset, with the context contributing to the highest rating being ʕ-ʕ. Table 3 and Figure 6 show that the majority of ratings on both the subset and the full dataset fall in the modal or tense categories, with very few breathy ratings overall, found mostly in isolation and nasal contexts. While nasal and oral (including isolation) contexts were mostly judged as modal (~80% of the time), pharyngeal contexts were mainly judged as tense, especially voiced pharyngeal contexts (with the exception of n-ʕ, which was judged as mainly modal in both subset and full datasets). The prevalence of a tense voice quality in IA pharyngeals can potentially be due to their epilaryngeal constriction and stop-like manner of articulation, as described in the background section (also see Al-Siraih, 2013) .
Overall, results of the auditory analyses on the subset (using the 6 raters) and the full dataset clearly separated oral and pharyngeal + oral contexts on the one hand, and nasal and pharyngeal + nasal contexts on the other. There was an increased percept of nasalisation of pharyngeals in a nasal context compared to when they are associated Nasalisation in the Production of IA Pharyngeals with an oral context. Importantly though, the results suggest that pharyngeals in a nasal context elicit a nasalisation percept that is comparable to that of oral + nasal environments, with only the voiced pharyngeal in the n-ʕ context showing potential for added nasalisation. In addition, pharyngeals triggered a percept of tense voice quality. In the next section, we will be looking at the acoustic correlates of nasalisation, for example, A1-P0*, A1-P1* and onset and offset and B1 Mid to shed light on the effects pharyngeals have on these metrics when associated with nasals. Then we present the results of the voice quality correlate to evaluate any decrease in H1*-A1 in the pharyngeal context that is taken to be an indication of tense voice quality.
Acoustic Results
Here and elsewhere the values resulting from the A1-P0* and A1-P1* measurements are interpreted as follows (Chen 1995 (Chen , 1997 (Chen , 2000 Chen et al., 2000 Chen et al., , 2007 and Berger 2007) : the lower the amplitude difference the more nasalisation the context is deemed to exhibit, with phonological nasal contexts expected to have the lowest of all values, the oral and isolated vowel contexts the highest, and the pharyngeal and pharyngeal-nasal contexts as the experimental ones. The following sections will present results at onset and offset portions only to save space and due to the fact that we are 
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Fig. 6. Cumulative predicted curves of voice quality judgements. The y-axis shows probability from 0 to 1; the x-axis shows the contexts, sorted from lowest to highest contributor to VQ judgements.
Color version available online mainly interested in the influence of the pharyngeals on vowel edges. When presenting results at onset, we mainly discuss the effect of the initial consonants (although the tables and figures show all contexts); similarly, when we present results at offset, we mainly focus on the effect of the final consonants. The results for this section will be presented in three ways. First, through model comparisons, we report on whether the context improves the model through log likelihood comparison. Next, we report on the results of the Linear Mixed Effects models in Tables 4-7 . The p values in these tables were obtained using the package lmerTest (version 2.0-32, Kuznetsova et al, 2016) . The third statistical report was through multiple pairwise comparisons using the package lsmeans (version 2.26-3, Lenth, 2016) . This multiple comparison allows us to evaluate the differences between specific levels of the fixed factor. We graphically present the results of the predicted values from each of the acoustic correlates for each of the 14 levels of contexts, based on the fitted model. These were generated using ggplot2 (version 2.2.1, Wickham, 2009) . We used boxplot to show the within category variation and a smoothed curve to display the trend in the effect of each level of context on the acoustic results.
7.2.1 A1-P0* As a reminder, this measure was used for low and lower-mid vowels only. In the onset position, context showed an improvement to model fit when compared to an intercept only model (χ 2 (13) = 69.1, p < 0.0001). Specifically, the isolation and oral contexts pattern together and show typical high amplitude values expected for oral contexts, in line with Chen's 10dB cut-off suggestion (Table 4 ; Fig. 7) . Nasals in the onset position (n-o and n-n) show values below the 10 dB range, with n-o having significantly lower values than the isolation contexts (pairwise comparisons, p < 0.001) and n-n approaching significance with a 3.87 dB difference (p = 0.07). When pharyngeals are in the onset position and combined with oral contexts, they either show an increase in A1-P0* compared to isolation (ħ-o, ʕ-o) or comparable values (ʕ-ʕ), suggesting no increased nasalisation is associated with pharyngeals on their own. The same applies when comparing ħ-o and ʕ-o with o-o (pairwise comparisons, p < 0.0001 for both). And while we are looking at A1-P0* at onset, it is worth noting that o-ħ and o-ʕ also show subtle non-significant increases in amplitude compared with o-o (Fig. 7) . In nasal-pharyngeal contexts, n-ʕ shows the lowest A1-P0* values, with an average 3 dB difference with n-n and 2 dB with n-o. While the difference between n-ʕ and these other onset nasal contexts is not significant, it is worth noting that A1-P0* values for o-ʕ and n-ʕ show a larger amplitude drop (7.5 dB, p = 0.079) than those between o-o and n-o (1.77dB, non-significant), suggesting a role for ʕ in an increased effect of nasalisation, which is in line with the auditory impression of this context. The relatively high amplitude values for the voiced pharyngeal in an oral context is met by a large drop in the n-ʕ context, potentially suggesting different velopharyngeal configurations for the voiced pharyngeal in oral and nasal contexts, an issue we come back to in the discussion. A1-P0* values for n-ħ also do not show a significant difference with either oral contexts (isolation, o-o or o-ħ) or nasal ones (n-n, n-o, ħ-n).
Moving on to pharyngeals in a nasal context, ħ-n does not differ significantly from oral contexts (isolation, o-o or ħ-o) or nasal ones (o-n or n-n). A1-P0* values for ʕ-n do not differ significantly from isolation, and in fact they are significantly higher than for o-o (pairwise comparison, p < 0.01), showing the big effect of the pharyngeal on this onset measure. ʕ-n also shows only a trend for lower values compared with ʕ-o (pairwise comparison, p = 0.059), suggesting a reduced anticipatory effect of nasalisation compared with the perseverative effect in n-ʕ. Note, however, that ʕ-o showed the highest mean A1-P0* values across all contexts, making it hard to see an effect of a final nasal in this onset measure. In the offset position, model comparison showed that the inclusion of context as a fixed factor did not improve model fit compared with an intercept-only model (χ 2 (13) = 21.4, p = 0.06). This suggests that any changes observed in consonantal contexts have no association with A1-P0* differences (Table 4 ; Fig. 7 ). This is an interesting finding, potentially showing a stronger influence of nasals (and nasals + pharyngeals) at onset rather than offset. We still examined whether any contexts showed statistical differences, and only 2 differed from isolation, namely o-ħ and o-ʕ, which showed an increase in A1-P0* by 5-14 dB. This once again shows the very high amplitude for pharyngeals in oral contexts. This means that, while n-ħ and n-ʕ do not show significantly different A1-P0* values from other nasal contexts (n-n, n-o or o-n), the drop from o-ħ to n-ħ is larger than from o-o to n-o (5 vs 2 dB), and the drop from o-ʕ to n-ʕ is even higher (16 dB). Although non-statistically significant (with n-o showing marginal significance level), nasal contexts generally had lower A1-P0* values than oral and isolation contexts, in line with what was found at onset. The 3 dB difference as observed in n-n, n-o, ħ-n, and ʕ-n is beyond the threshold for amplitude discrimination, as reported by Stevens (1998).
A1-P1*
In the onset position, context showed an improvement to model fit when compared to an intercept only model (χ 2 (8) = 22.6, p < 0.005). It should be noted that only nine contexts were used here rather than the full 14 due to restrictions in the analyses to only high and mid-high vowel contexts. The oral context, when compared to isolation, showed no significant differences and the mean values of A1-P1* were close to 18 dB (Table 5 ; Fig. 8 ). Nasals in the onset position (n-o and n-n) show significantly lower values than isolation contexts (p < 0.05), by 3-5 dB, however, the values are still beyond the 10 dB threshold. When the voiced pharyngeal is in the onset position and combined with oral contexts (ʕ-o), it showed a decrease in A1-P1* compared to isolation (p < 0.05), which mirrors what is observed in the nasal only contexts here. The voiceless pharyngeal shows a similar trend, but the difference between o-ħ and isolation is not significant. Interestingly, when the voiced pharyngeal is in the final position and associated with an oral environment (o-ʕ), it shows the same increase over the o-o and isolation contexts that was found for A1-P0*, with between3 and 4 dB difference. In nasal contexts, only the voiceless nasal-pharyngeal context is available for high vowels; n-ħ shows the lowest A1-P1* values (by 6 dB), but is not statistically different from n-n or n-o. In the offset position, context showed an improvement to model fit when compared to an intercept only model (χ 2 (8) = 16.8, p < 0.05). More specifically, the oral context, when compared to isolation, showed no significant differences and the mean values of A1-P1* were close to the 15 dB (Table 5 ; Fig. 8 ). Nasals in the offset position (o-n and n-n) show significantly lower values than isolation contexts, by 3-6 dB. It is only in n-n context that the mean A1-P1* at offset is below 10 dB. When pharyngeals are in final position and combined with orals, they show a significant decrease in A1-P1* by 3-5 dB, with o-ħ reaching the 10 dB threshold but not crossing it. This decrease may be indicative of a slight nasalisation in this context although this is not comparable to what is seen in the n-n context. The only pharyngeal-nasal context, n-ħ, is not statistically different from isolation. In sum, although this measure is successful at separating isolation/oral from n-n contexts, there is only a weak trend for pharyngeals having lower A1-P1* than oral or isolation contexts, but it is significant for ʕ-o in onset and o-ħ in offset. The lack of a voiced pharyngeal in the nasal contexts and the pre-dominance of high vowel tokens for this measure may make it harder to provide stronger evidence for pharyngeals being accompanied with nasalisation.
First Formant Bandwidth (B1)
As a reminder, this first formant bandwidth measure is expected to show an increase in frequency in a nasalised context (Beddor, 1983; Hawkins and Stevens, 1985; Klatt and Klatt, 1990; Trittin and de Santos y Lléo, 1995; Chen et al., 2007; Beddor, 2007; Berger, 2007) . The criteria used in the literature to differentiate vowels with nasalisation from those with no nasalisation suggest a B1 measure between 200 and 300 Hz for the former and below 200 Hz for the latter. As noted for the A1-P0* and A1-P1* measure, it is important to point out that this measure is applied in this study on words containing a variety of vowels and consonants not found in other investigated languages; therefore, the B1 values need to be evaluated with care as they might show combined effects of nasal-oral environments alongside different vowel and consonant qualities. Only measures at midpoint are presented here because the measures at onset are very similar while those at offset show less distinction between nasal and non-nasal contexts.
When running statistical analyses on B1, and when compared with an intercept-only model, context showed an improvement to the model fit (χ 2 (13) = 96.2, p < 0.0001). On the whole, B1 values are higher in nasal than non-nasal contexts, with a steady increase from the isolation and oral contexts to nasals (Table 6 ; Fig. 9) . Moreover, the cut-off point between nasal and non-nasal environments seems to be closer to 140 Hz rather than 200 Hz reported elsewhere. It should be noted that there is some variation, as observed in Figure 9 , in all categories due to differences between subjects and items. The oral context shows a tendency for a lower B1 than isolation, but this is still within the 100 Hz bandwidth. Moving on to the nasal only contexts, (i.e., n-o, o-n and n-n), the results show a significant increase from 40 to 80 Hz in the nasal contexts compared with isolation (Table 6 ). Interestingly, pharyngeals combined with oral contexts (i.e., o-ħ, ħ-o, o-ʕ, ʕ -ʕ, but not ʕ-o) also show a marginal increase in B1 compared with isolation, but this is only significant for ħ-o. Compared with the o-o context, both ħ-o and ʕ-o show a significantly higher B1 (pairwise comparison, p < 0.001 and p < 0.05 respectively). This is the first result that shows pharyngeal-oral contexts as being significantly different from other oral contexts, but their frequencies were also significantly lower than for nasal contexts (pairwise comparisons, p < 0.05 for ħ-o vs n-o and ħ-o vs ħ-n; p < 0.01 for o-ħ vs o-n but o-ħ not significantly different from n-ħ; p < 0.01 for o-ʕ vs o-n and p < 0.001 for o-ʕ vs n-ʕ; p < 0.01 for ʕ-o vs n-o and p < 0.001 ʕ-o vs ʕ-n). This suggests more gradation in the potential presence of nasalisation across the 4 main contexts (oral/isolation, pharyngeal + oral, pharyngeal + nasal, and nasal). B1 is also the only measure which shows potential nasalisation in both ħ and ʕ.
When pharyngeals are combined with nasals, they show an increase in B1 frequency that is comparable to the nasal contexts, especially for ħ-n, n-ʕ, and ʕ-n; n-ħ, which have significantly higher B1 frequency than isolation. The highest B1 frequency was found in the n-ʕ context, which was on average 140 Hz when compared to isolation. This is interesting, as it seems that this context strongly affects the vowel to levels not seen for nasals on their own, and can potentially be claimed to be a "true" nasal environment as per thresholds used in the literature, with B1 ranging between 200 and 300 Hz (see background). B1 frequency for n-ʕ was in fact significantly higher than for n-o (pairwise comparison, p < 0.01), and between 40 and 52 Hz higher than n-o and n-n, though not significantly different. Further, ʕ-n had significantly higher B1 frequency than o-n (pairwise comparison, p < 0.01), and mean B1 for ħ-n was 40 Hz higher than o-n but failed to reach significance.
Given that a high B1 can also occur as a result of breathiness in the vowel, as well as any changes linked to laryngeal activity, an acoustic investigation of phonation types was also carried out in this study to determine whether our acoustic measures are truly measuring nasalisation. Fig. 9 . B1 values within oral (left) and nasal (right) contexts at midpoint.
Acoustic Measure of Phonation Types: H1*-A1
Here we start with a reminder of how to interpret the relationship between the amplitude of the first harmonic (H1) and the strongest harmonic of the first formant (A1). According to the literature (e.g., Fry, 1979; Laver, 1980 Laver, , 1994 Klatt and Klatt, 1990; Trittin and de Santos y Lléo, 1995; Epstein, 2002 , Garellek, 2012 Kuang and Keating, 2012) , if the first harmonic has a higher amplitude, then the resulting voice is believed to be breathy; whereas when the higher frequency harmonics have higher amplitudes, the resulting voice is considered to be tense/creaky. This would in principle predict a high value for H1*-A1 if the vowel quality is breathy and a low one if the quality is tense/creaky, but in reality the expected patterns are much more complicated as the measure is also influenced by other factors, including nasalisation, which dampens F1 energy and lowers A1 (section 3). Figure 10 shows results at onset and offset.
At onset, and when compared to an intercept-only model, the addition of context showed an improvement to the model fit (χ 2 (13) = 86.3, p < 0.0001). When comparing the oral context to isolation, there is a significant increase in H1*-A1, which may be an indication of a more modal to breathy realisation of the vowels in the oral context (Table 7 ; Fig. 10 ). Nasals in the onset position (n-o and n-n) show a significant increase by 5-6 dB compared to the isolation context. This may be an indication that this measure captures some level of breathiness accompanying nasalisation (Klatt and Klatt, 1990) . This may also be due to the decrease in A1 and concomitant increase in B1 in these contexts. Interestingly, when pharyngeals are combined with orals in the onset position (i.e., ħ-o, ʕ-o, and ʕ -ʕ), the results show a significant decrease in H1*-A1 by 3-5 dB compared to the isolation context. This is indicative of a more tense/ creaky realisation of the vowels when preceded by a pharyngeal, and would mirror the descriptions above that the pharyngeal consonants in IA have more of an aryepiglottal manner of articulation that leads to a more constricted larynx (Edmondson et al., 2007; Esling, 2005; Garellek, 2012; Kuang and Keating, 2012) . Pharyngeals combined with nasals show an overall decrease in H1*-A1, with only ʕ-n showing a significant decrease by around 3 dB. This suggests that even in a nasal context, /ʕ/ leads to a more tense/creaky realisation of the vowel. In the offset position, context showed an improvement to model fit when compared to an intercept only model (χ 2 (13) = 60.8, p < 0.0001). The oral context showed a marginal decrease by 1 dB compared to the isolation context, though this was only a tendency (p = 0.09; Table 7 ; Fig. 10 ). Nasals in the offset position (n-n) showed a marginal significant increase by 2 dB compared to the isolation context with o-n showing no differences. Interestingly, when pharyngeals are combined with orals in the offset position (i.e., o-ħ, o-ʕ, ʕ-ʕ), there is a significant decrease in H1*-A1 by 7-17 dB compared to the isolation context. The ʕ-ʕ context shows once again the lowest value, with a decrease of around 17 dB. This indicates that there is a stronger indication of a more tense/creaky realisation of the vowels when followed by pharyngeals. Pharyngeals combined with nasals show a non-significant decrease in H1*-A1, by 1-2 dB, and specifically in n-ʕ. This again suggests that even in a nasal context, there is a tendency for /ʕ/ to lead to a more tense/creaky realisation of the vowel.
Principal Components Analyses
The acoustic results presented above showed that pharyngeals show sporadic weak signs of nasalisation in oral contexts and strong one when associated with nasals, sometimes showing increased nasalisation, as was shown especially robustly Table 7 . Results of the Linear Mixed Models for H1-A1* at the onset and offset of the vowel in the 13 levels of the fixed effect context. The intercept is the isolation context and the β coefficients represent the difference between the intercept and the actual value for the level of the fixed effect. The p values are generated using lmerTest Khattab/Al-Tamimi/Alsiraih for n-ʕ. But these results were clearer for some acoustic correlates, for example, B1, but inconsistent for others, for example, A1-P0*/P1*. In addition, a voice quality correlate obtained through H1*-A1 showed pharyngeals to be associated with a tense voice quality that is different from that for true nasals. Our aim in this section is to shed light on the relationships that exist between pharyngeals and nasals by presenting the results of an exploratory data reduction technique. We used PCA as a dimensionality reduction technique that allows to present the data with a lower number of dimensions than those used. As highlighted above (section 6.6), we reoriented the dataset and used each of the 14 contexts as outcomes in this PCA as our aim was to evaluate the degree of closeness/separation of each context. Table 8a presents the results of the first 3 dimensions that have a variance above 5% threshold, generally used to retain dimensions (Baayen, 2008, p. 121) . These three dimensions explained 79.2% of the variance in the dataset and their combination is representative of the patterns observed in the data. Figure 11 displays the 3D space represented by the first three dimensions. As shown in Table 8b and Figure 11 , all 14 contexts are positively correlated with the first dimension (see correlation results and percentage contributions in Table 8b and loading on the PCA 3D space). This dimension explains 50.8% of data variance. Table 8c shows the correlation and percentage contribution of each acoustic correlate. B1 Mid is positively correlated with the first dimension while all remaining acoustic correlates are negatively correlated with it. The percentage contribution of all these correlates are relatively high and it is the combination of A1-P1* Offset/ Onset, H1*-A1 Offset followed by B1 Mid that explains most of the patterns on this dimension (percentages around 15% each). This is a clear indication of the patterning observed in the data whereby the combination of increased B1 Mid and decreased values for nasalisation and voice quality metrics are used by the PCA to cluster this group. For the second dimension (explaining 20.7% of the variance), there are 2 group clustering, with ʕ-ʕ, n-ʕ, ħ-n, n-ħ, n-n, ʕ-n, and o-ʕ being clustered together (positive correlation, Table 8b , with variable contributions). The 2 contexts with the highest contributions to this dimension are n-ʕ and ʕ-ʕ (followed by the remaining contexts). In terms of acoustic correlates, B1 Mid is negatively correlated with this dimension while all remaining correlates are positively correlated with it (Table 8c) . H1*-A1 Onset and A1-P0* Onset/Offset positively contribute to the distinction in the first group clustering. Finally, o-ħ, o-ʕ, ʕ-o, n-o, ʕ-n, and n-n are negatively correlated with the third dimension, which explains 7.6% of data variance (Table 8a , c). B1 Mid is positively correlated with this dimension while all remaining acoustic correlates are negatively correlated. Interestingly, H1*-A1 Onset and A1-P0* Onset/Offset have the highest contributions to this dimension, with the reduced values of these correlates being used to cluster the above group. From the 3D PCA space (Fig. 11) , isolation forms a separate category when compared to the remaining categories and correlates mostly with the third dimension. When all three dimensions are considered, ʕ-ʕ is clustered with n-ʕ, and the same applies to the ħ-n/n-ħ and n-n/ʕ-n pairs. Pharyngeals with orals (i.e., ħ-o/o-ħ/ʕ-o/o-ʕ) are clustered together with o-o and n-o/o-n. Overall, PCA analysis shows the advantage of examining the combined contribution of all acoustic correlates using the three dimensions on the patterning of the consonantal contexts in this study; it further highlights the subtle increased contribution of pharyngeals to nasalisation in nasal contexts, given that pharyngeal + nasal, but not oral + nasal pattern with nasal + nasal environments.
Summary of Results
This study examined a number of impressionistic and acoustic measures which are meant to capture the influence of perceived nasalisation in vowels, with the aim of finding whether pharyngeal consonants in Arabic are produced with nasalisation, and whether nasalisation has spread to oral contexts as well. Data from nasal, oral, and pharyngeal contexts were collected from IA speakers, including pharyngeal + oral and pharyngeal + nasal contexts. The auditory analysis of the data revealed a main separation between oral contexts (including oral, isolation, and pharyngeal + oral) on the one hand and nasal contexts (including pharyngeal + nasal and nasal) on the other. A small proportion of the data within the mainly oral group still, however, received nasal ratings, especially the voiced pharyngeal tokens, but also vowels in isolation. This is not surprising when considering that nasalisation can occur in oral contexts and may be due to passive velum lowering.
When combined with a nasal consonant, pharyngeal consonants exhibited a nasalisation effect on the surrounding vowel. Nasalisation ratings were higher for nasals combined with voiced pharyngeals than nasals combined with other contexts, suggesting an increased nasalisation effect in the presence of voiced pharyngeals. This percept was also manifested in the acoustic analysis and suggests that nasalisation may indeed be a feature of at least voiced pharyngeal production. Auditory impressions of voice quality yielded very few instances of perceived breathiness, with nasal and oral contexts being perceived as mainly modal, while pharyngeal + oral and pharyngeal + nasal contexts being mainly perceived as tense.
Four acoustic measures were chosen as the focus for this study; the first three, A1-P0*, A1-P1*, and B1 were used to investigate the potential influence of nasal coupling and/or high laryngeal airflow in the production of pharyngeals on the amplitude of the first formant and its bandwidth, as well as on any resulting extra peaks in the spectrum. Given that the presence of breathiness can influence A1-P0*/A1-P1* and B1 patterns in the same way as nasalisation, a third measure, H1*-A1, was chosen to test for the presence of breathiness in pharyngeal contexts. A summary of results from the three measures is provided in this section, followed by a wider discussion in Section 7.
A general view of the A1-P0* results shows that this measure is reliable in distinguishing oral and nasal contexts, and corroborates the auditory analysis which placed pharyngeal + oral contexts with the remaining oral contexts, while pharyngeals combined with nasals showed various degrees of nasalisation; the acoustic manifestation of this effect were, predictably, more variable than its auditory manifestation, but this was compounded by the finding that A1-P0* for pharyngeal + oral were generally very high, significantly higher than oral-oral contexts. This required a larger drop in amplitude difference in the nasal contexts for the values to be comparable to the other nasal contexts, something that was only achieved for /ʕ/ in the n-ʕ context. Measurements of A1-P0* at offset showed a reduced nasal/oral distinction, but within it the pharyngeal + oral and pharyngeal + nasal patterns remained the same. Here again, the extremely high amplitude values for the pharyngeals in oral contexts, especially /ʕ/, required a significant drop in the nasal contexts for it to match the values found for other nasal contexts. The A1-P1* measure at onset was also reliable in distinguishing oral and nasal contexts, but the values for nasals were higher than might be expected for this measure. The same is true at offset, with only the nasal-nasal context having mean A1-P1* values that were lower than 10 dB. The pharyngeal + oral contexts patterned more with oral contexts, but o-ħ interestingly patterned with nasals. There was more variability and a less clear pattern for pharyngeal + nasal contexts due to the reduced number of vowel contexts in the high vowel environment and no data for /ʕ/ combined with a nasal.
Results for B1 were more robust and showed an overall distinction between nasal and non-nasal contexts, whereby the former had higher B1 values. Here, pharyngealoral contexts were significantly different from other oral contexts, for both voiced and voiceless pharyngeals. They displayed higher B1 values that could be interpreted as displaying subtle nasalisation effects, but were still significantly lower than for nasal contexts. As was found for the A1-P0* and A1-P1* measures, and although nonstatistically significant, a combination of a nasal and a pharyngeal context triggered increased nasalisation compared with nasal + oral contexts; this was especially true for /n-ʕ/, which had the highest mean value of all contexts, but ʕ-n and ħ-n had values comparable to n-n as well.
Results of the H1*-A1 measure showed a marked departure from the way pharyngeal contexts patterned for other measures. Here, pharyngeal consonants exhibited the lowest values both in pharyngeal + oral and pharyngeal + nasal contexts, suggesting high levels of laryngealisation (tense phonation) in these contexts. Oral and nasal contexts had significantly higher H1*-A1 than pharyngeals, with nasals exhibiting the highest values. The differences between the four main contexts (oral/isolation, pharyngeal + oral, pharyngeal + nasal, and nasal) were more pronounced at onset than offset, but the patterns were generally the same. Finally, pharyngeal /ʕ/ tended to have lower H1*-A1 values than /ħ/, indicating more laryngealisation.
A PCA analysis combining all acoustic measures was used as a data reduction technique and showed that the first 3 dimensions explained 79.2% of data variance. Within these dimensions, pharyngeal + oral contexts cluster with other oral and oral + nasal contexts (though in a sub-group of their own), but pharyngeal + nasal contexts cluster with nasal contexts, with each of ħ-n/n-ħ, ʕ-ʕ/n-ʕ, and n-n/ʕ-n, forming a sub-group within that cluster. In a nasal context, the voiced pharyngeal appears to consistently adopt a nasal configuration and to contribute to increased nasalisation. Taken together, these results only partially corroborate findings from the literature which suggest that pharyngeals in IA are accompanied by nasalisation (e.g., Butcher and Ahmad, 1987; Ghazeli, 1977; Laradi, 1983) .
Discussion
This study has looked at pharyngeal consonants from a different angle to what is normally focussed on in the Arabic literature; building on research which suggests that pharyngeal consonants in IA have an epiglottal place of articulation with laryngeal constriction and raising alongside tongue retraction and mid-to-low pharyngeal constriction (Butcher and Ahmad, 1987, Edmondson et al., 2007; Esling, 2005; MacCurtain, 1981) . The study examined the auditory and acoustic effects of such articulation with particular reference to nasalisation. Small-scale articulatory studies in the past had found pharyngeals to be accompanied with velum lowering and occasional nasal airflow or a percept of nasalisation (Butcher and Ahmad, 1987; Ghazeli, 1977; Laradi, 1983) , but the results were inconsistent and varied across speakers. The current study found emerging evidence of spectral effects that seem to be responsible for a perceptual effect of nasality in vowels surrounding pharyngeal consonants, but these were only consistent in the presence of nasal consonants, and the nasalisation effect seems to be boosted when a voiced pharyngeal is present. Below we evaluate the effectiveness of the chosen spectral measures for capturing nasalisation in the pharyngeal context and reflect on what the differential results for /ʕ/ and /ħ/ may mean and which aspect of the articulation of these sounds may trigger audible nasalisation and/or actual velum lowering.
Evaluating Spectral Measures of Nasalisation in the Context of Pharyngeals
In terms of individual spectral measures examined, B1 was the most effective in showing slight nasalisation in pharyngeals, even in oral contexts. In fact, this measure divided the contexts into four categories which show gradation in the degree of nasalisation according to the following pattern: lowest in the oral and oral-pharyngeal contexts, slight in the pharyngeal-oral contexts, higher in the oral-nasal and nasal-oral contexts (but including n-ħ), and highest in nasal-nasal, pharyngeal-nasal, and nasal-ʕ. The latter context consistently showed the highest degree of nasalisation, including in results of other acoustic measures.
While the A1-P0* and A1-P1* proved generally sensitive to the oral-nasal separation, the former was generally more robust for distinguishing oral and nasal environments. Given that A1-P0* was used for low vowels and A1-P1* for high vowels, this might explain why low vowels are more susceptible to nasalisation than high vowels (Sampson, 1999) . Importantly, though A1-P0* and A1-P1* showed more inconsistent results for the pharyngeal contexts, whether in oral or in nasal contexts. One reason for this is that these measures were also indexing pharyngealisation, and the amplitude correlates for that go counter to those of nasalisation. While nasal environments tend to lead to a reduction in the overall vowel intensity, pharyngeal articulations typically lead to a rise in the frequency and amplitude of F1 (Al-Ani, 1970; Al-Siraih, 2013; Butcher and Ahmad, 1987) . In the case of laryngealised pharyngeals, this also tends to be accompanied by a drop in frequency and amplitude of f0 (Heselwood, 2007) , leading to a larger difference between A1 and P0. In this study, the effect was most prominent in voiced pharyngeal + oral environments, where both A1-P0* and A1-P1* measures for ʕ-o at onset, o-ʕ at offset, and ʕ-ʕ were 20 dB or higher, reaching nearly 30 dB for o-ʕ at A1-P1* offset. The effect was occasionally seen for /ħ/ too (e.g., A1-P0* offset for o-ħ), but never as prominent as for /ʕ/. This leads us to reflect on the differences in the degree of nasalisation that we witnessed for the voiced and voiceless pharyngeals, which we return to below. Importantly though, the pharyngealisation effect needs to be taken into account when scrutinising the A1-P0* and A1-P1* patterns for nasal + pharyngeals contexts. These were still comparable to the amplitude values for the other nasal environments, suggesting that extreme A1 amplitude lowering took place compared with pharyngeal + oral environments along with possible boosting of the amplitude of the extra peaks. Therefore, while A1-P0* and A1-P1* patterns for pharyngeal + nasal environments were not significantly different from those of other nasal environments, this does not rule out added contribution of nasalisation in pharyngeal + nasal environment, especially for the voiced pharyngeal.
The H1*-A1 measure was crucial for establishing whether any auditory percept of nasalisation in pharyngeal contacts was due to laryngeal friction producing a percept of breathy voice (Beddor, 1993; Garellek at al, 2016; Matisoff, 1975) . Our impressionistic results did not yield breathiness ratings in pharyngeal contexts, and the tense articulation of IA pharyngeals is incompatible with a breathy phonation. In fact, the epilaryngeal constriction in pharyngeals, together with larynx raising, typically leads to a tight constriction in the glottis and results in a tense or pressed voice quality (Al-Tamimi, 2017; Esling, 2005; Heselwood, 1997; Klatt and Klatt, 1990; Moisik 2013) . This was corroborated by our H1*-A1 results, showing a sharp decrease in this spectral tilt measure in pharyngeal environments, especially in onsets. It, therefore, appears that IA pharyngeals show only certain characteristics of breathiness and/or nasalisation such as the introduction of extra poles in the spectrum, a wider first band frequency, and a reduced amplitude of F1, but not others such as increased amplitude of the first harmonic relative to higher frequency harmonics or aspiration noise at high frequencies (Klatt and Klatt, 1990; Sampson, 1999) . Nasality and breathiness do not have to co-occur, and in fact Garellek et al. (2016) show data from three languages where nasality (in this case presence or absence of velum lowering) and phonation (breathiness or tenseness) are orthogonal and vary from one language to another. While nasal and breathy vowels share common features like increased first formant bandwidth, overall low-frequency energy, and a stronger first harmonic, speakers can enhance nasals with breathy voice or enhance breathiness with what Ohala and Ohala (1993) refer to as spontaneous nasalisation, but the two can also occur independently from each other. This is common in languages where laryngeals do not contrast in terms of nasalisation, but perhaps as a result tends to apply in unpredictable and varied ways.
While the current study does not use articulatory techniques, the inclusion of a relatively larger sample of speakers than is normally possible in an articulatory study has allowed us to report on the acoustic manifestations which seem to be responsible for perceptual nasality regardless of the articulatory strategies used by the speakers. It is quite possible that our speakers are using a variety of strategies for pharyngeal production, and that some are at a more advanced stage of velum lowering than others. While space limitations have not allowed us to discuss individual differences here, some speakers were indeed found to produce lower A1-P0*/A1-P1* and higher B1 values, and potential dialectal differences emerged as well (Alsiraih, 2013) . More evidence for nasalisation in pharyngeal contexts may have been found if we had varied the prosodic context in which the target words were elicited. In this study, all target words were in a nuclear stressed position, which typically leads to articulatory strengthening and an increase in the laryngeal and pharyngeal constriction, potentially leading to a stronger velar closure (Fougeron and Keating, 1997) .
Comparing Nasalisation Results for the Voiced and the Voiceless Pharyngeals: a Window into their Varying Articulation?
Descriptions of IA pharyngeals show more consistency in the realisation of ħ, which is described as a pharyngeal fricative, than in the realisation of ʕ, which tends to be realised with a lower epilaryngeal constriction and vary in manner from an approximant to a fricative and even a stop (e.g., Al-Ani, 1970; Butcher and Ahmad, 1987; McCarthy and Raffouli, 1964; MacCurtain, 1981; however, cf. Edmondson et al., 2007 , who finds laryngeal constriction of the aryepiglottic folds in /ħ/ too). The less variable nature of /ħ/ was corroborated in a more recent acoustic study by the third author (Alsiraih, 2013) , who found acoustic and impressionistic evidence for frication in /ħ/, whereas /ʕ/ tended to vary between an approximant, a fricative, and a stop. At the same time though, early mentions of nasalisation in pharyngeals in IA refer to /ħ/ (Butcher and Ahmad, 1987) as well as /ʕ/ (Mahdi, 1985) , suggesting that different sources of nasalisation may be at play when they are encountered for each sound. For the voiceless pharyngeal, the more fricative-like manner suggests that, where auditory nasalisation is present, this is more likely to be due to the type of perceptual nasalisation that is triggered by high laryngeal airflow, with added energy loss at the glottis due to a larger glottal opening (Hanson, 1996; Hanson and Chuang, 1999) . This may lead to a rise in the F1 frequency of neighbouring vowels while lowering their amplitude and increasing their bandwidth, especially for F1 (Ohala and Ohala, 1993; Ohala, 1975) . Coupled with pole-zeros in the higher frequencies of the spectrum, a perceptual effect of nasality is created. This would also explain why nasalisation in /ħ/ is most apparent in the B1 measure, which is sensitive to laryngeal effects.
For the voiced pharyngeal, there are more possible sources of nasalisation: first, if articulation for /ʕ/ is indeed lower than for /ħ/, this might increase the possibility of actual velum lowering as a result of the action of the root of the tongue and/or the epilaryngeal constriction (Dixit et al., 1987; Delattre, 1971; Laver, 1980; Sampson, 1999) . The possibility of actual velum lowering in the voiced pharyngeal can explain why nasal + voiced pharyngeal contexts show more perceived nasalisation than other nasal contexts; if both the nasal and the pharyngeal are produced with a lowered velum, this increases the effect of nasalisation on neighbouring vowels. This, however, remains a debatable issue requiring a future articulatory study, since work by Laradi (1983) on Libyan Arabic shows more velum contact with the naso-pharynx for /ʕ/ than /ħ/. Second, if, as commonly suggested in the literature, /ʕ/ involves more than one constriction, then perceptual nasalisation may result from the creation of a laryngeal sub-cavity. Such cavity can be created in at least two ways: (a) through actions of the epiglottis: here, the tip of the epiglottis forms a complete closure with the back of the pharyngeal wall (Laufer and Condax, 1979; 1981; MacCurtain; 1981) and the base of the epiglottis forms a constriction with the aryepiglottic folds (Esling 2005; Heselwood, 1997; Laver, 1980; Zeroual et al., 2008) . The varying degree of constriction also explains the inconsistent patterns found in this study; if there is only narrow constriction between the tip of the epiglottis and the posterior pharyngeal wall, no tight cavity is formed; (b) through actions of the tongue and larynx: here, the root of the tongue may also retract towards the mid-pharyngeal, the larynx may raise for efficient laryngeal sphinctering (Esling, 2005; MacCurtain, 1981) , and the glottis may form a complete closure for a glottal stop (Al-Ani, 1970) . Once again, tight articulations are required for a separate cavity to form in the pharyngeal area between the tongue root and the glottis, leading to potential variability in nasalisation.
The above possibilities for /ʕ/ make for a very complex set of articulations and we still do not fully understand how each of them may vary across various linguistic contexts, speakers, and dialects, and whether they co-occur (e.g., Laradi's 1983 work on Libyan Arabic; Laver's 1980 on pharyngealised voice, etc.). The variability in articulation, however, also seems to offer more opportunities for nasalisation in the case of the voiced pharyngeal, and helps explain the consistent pattern we found for /ʕ/ to show more nasalisation. If variable nasalisation in pharyngeals were to be picked up by listeners and phonologised, this study would predict that the effect would be seen first in voiced pharyngeals before spreading to voiceless ones. In other words, if listeners start associating the perceived nasalisation on the vowel with a neighbouring nasalised pharyngeal/laryngeal, then they might interpret that as target nasality and start adopting a lowered velum in their production (Matisoff, 1975; Ohala, 1975; Sampson, 1999) .
Direction of Nasalisation and Pharyngeal Spread
The result of the progressive effect of nasals is an interesting one and places IA in the group of languages where the domain of nasalisation is primarily onset-vowel rather than vowel-coda (e.g., Botma, 2004 for evidence from Sundanese; Hyman, 1972 for evidence from Kwa). A regressive effect of nasalisation has been commonly reported in languages (e.g., Blust, 1997; Ferguson, 1975) , including cases where a weak coda nasal typically leads to a transfer of the nasal feature to the preceding vowel, which may over time become nasalised, replacing the final nasal (e.g., Beddor, 2009; Botma, 2004; Sampson, 1999; Ohala, 1981) . However, a similar outcome can be seen in progressive nasalisation; for instance, earlier studies of Semitic languages like Gurage (Hetzron, 1969) show that, if gutturals turn into laryngeals, they could indeed trigger progressive nasalisation in vowels around them (and in some cases turn into nasals if progressive nasalisation is blocked). Pharyngeal and pharyngealised (emphatic) sounds in Arabic generally exhibit a predominantly rightward spread of pharyngealisation (Ghazeli, 1977) , which is compatible with the progressive nasalisation that was found in this study. However, the domain of emphasis (neighbouring sound, syllable, word, and morpheme), direction, and type of segment that blocks the spread are subject to dialectal differences (e.g., Younes, 1993) . This highlights the importance of careful description of language differences and dialectally grounded variation in helping us understand the range of phonetic patterns that may become phonologised (Botma, 2004; Clumeck, 1975) .
Conclusion
This study makes three main contributions to the study of pharyngeals and nasalisation: first, it provides a systematic and robust analysis of the acoustic and impressionistic patterns in the production of IA pharyngeals in various oral and nasal contexts. Khattab/Al-Tamimi/Alsiraih In doing so, the study paves the way for future articulatory work and facilitates studies that seek to model articulatory-acoustic relations in the production of pharyngeals. Second, the analyses provide a current account of nasalisation and breathiness in the different segmental contexts that were investigated, and successfully tease apart the nasalisation patterns found in pharyngeals from any phonation characteristics which might accompany their articulation. Third, the study offers a great potential for future studies, documenting further development of what could be seen here as the start of nasalised pharyngeals in IA. The ambiguous acoustic patterns that were found in the realisation of pharyngeals make room for the reinterpretation of intended articulations by listeners and the development of new sound representations across generations, leading to sound change (Ohala, 1975; Botma, 2004) . This would provide an understanding of how certain dialectal differences emerge and develop over time, as well as the history of the development of some of the more subtle types of differences in the realisation of certain sound categories across languages and dialects. As more articulatory work is becoming available, the involvement of the larynx in pharyngeal articulation is increasingly being reported for other dialects too (Esling, 2005; Heselwood and Al-Tamimi, 2011; Al-Tamimi, 2017 for acoustic work), and it would be interesting to see more studies looking at epilaryngeal effects of pharyngeal production on perceptual nasalisation and nasal coupling, both active and passive.
